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K-RAY SHIELD 

Application filed May 1, 1923. Serial No. 635,857. 
My invention relates to X-ray shields of 

the type in which the shield is of substantially 
tubular form and in which the X-ray tube is 
contained within the shield, so as to protect 
the patient, the operator and any bystanders 
present, from the undesirable effects of the X 

WS. 

More particularly stated, my invention 
comprehends a number of distinct objects, as 
follows: 

I. To provide a protective shield for en 
closing the X-ray tube, this shield consisting 
entirely of metal built up in layers and so ar 
ranged as to provide adequate protection to 
bystanders as against the X-rays, and to af 
ford sufficient mechanical strength for the 
purposes here contemplated, as well as to ren 
der sufficiently rapid the cooling of the ex 
terior of the X-ray tube. . 

II. To ground this X-ray shield, so that a 
patient or a bystander coming into contact 
with the shield receives no electrical shock; 
and by using this grounded shield in con 
nection with means for exhausting the air 
from the shield, to easily remove the vitiated 
and heated air from within the casing and 
discharge the same outside, this being lim 
possible with a shield which is ungrounded. 
III. To give the metallic shield such form 

that while the X-ray tube is housed within the 
shield and is in action the electrical stresses 
are substantially uniform upon different por 
tions of the X-ray tube, and so that outside 
fields, either electrostatic or electromagnetic 
in character, are unable to produce uneven 
stresses such as tend to cause punctures to 
take place in the tube. . . . . 
IV. To employ in connection with the 

shield, insulators of improved form, so locat 
ed as to extend through the Wall of the shield 
and so arranged that when high tension im 
pulses are conducted through the insulators 
to the X-ray tube, no uneven fields of stress 
are thereby set up around the X-ray tube. 
W. To render the tube shield adjustable 

into an infinite number of relative positions, 
so as to enable a patient resting on the table 
to be exposed to the X-rays at an infinite 
number of different angles, and so that various 
parts of the patient's body may be convenient 

ly subjected to the treatment of rays from the 
X-ray tube, without placing the patient in 
uncomfortable positions. m 
WI. To so form, construct and arrange the 

X-ray tube and insulators used in immediate 
connection therewith as to decrease the danger 
Of electrical breakdowns, or the formation of 
oscillations, or the diversion of current im 
pulses applied to the X-ray tube. 

It is a fact, Well known in this art, that. 
metals high in the Series of atomic weights 
are the One most effective for protecting pa 
tients and bystanders against the action of 
X-rays, and naturally the metal most widely 
used for the protective purposes here contem 
plated is lead. However, on account of its 
softness lead has not sufficient mechanical 
strength for a shield which is to be portable 
and adapted to be shipped. For this reason 
I prefer to use a lead cylinder supported by . 
a cylinder of steel, though a cylinder of any 
other metal having sufficient strength for the 
purpose may be employed to support the lead 
cylinder. With the lead cylinder and the cyl 
inder of strong metal for supporting the same, 
I employ another cylinder enclosing the two 
concentrically and made of copper, aluminum 
or other metal which is a good conductor of 
heat and which is adapted to receive and re 
tain an elegant finish. w 

It is a fact not generally recognized in this 
art that although the insulation between a 
casing and an X-ray tube contained therein 
may be improved by enlarging the casing, 
there are in practice severe limitations to pre 
vent undue enlargement of the casing: such 
as rendering the structure unwieldy and in 
creasing disproportionately the expense of 
construction. One purpose of my invention 
is to confer upon the casing Such form that a 
given enlargement of the casing gives a max 
imum of insulation efficiency. I do this by 
rendering the ends of the casing substantial 
ly hemispherical, thus rendering all parts of 
its inner surface equi-distant from the near 
est contiguous portion of the X-ray tube. 

Heretofore in this art there has been much difficulty in providing and maintaining good 
insulation between the casing used as an X 
ray shield and the electrodes leading into the 
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casing for the purpose of energizing the 
X-ray tube. It has been usually found in 
practice that in order to obtain the required 
insulation it was necessary to use tubular in 
sulators of considerable length and large size, 
thus leading to many undesirable complica 
tions. I seek to equip the casing with insu 
lators of improved construction and arrange 
ment, so as to obtain a maximum of good in 
sulation while allowing the apparatus to be 
made compact, and without unduly increas 
ing the cost of the mechanism. 

practical X-ray work it is desirable that 
the operator can quickly and easily obtain ac 
cess to the X-ray tube, and that the casing 
containing the tube and used as a screen may 
be readily adjustable into various positions 
relatively to the operating table and to va 
rious other parts with which the work of the 
X-ray tube is associated. On this account I 
seek to give the casing such form, construc 
tion and arrangement that the operator can 
easily and quickly turn the casing from one 
position to another, and I provide means for 
enabling the operator to lock the casing in 
the new positions into which it is thus moved. 

Reference is made to the accompanying 
drawings forming a part of the specification, 
and in which like reference characters indi 
cate like parts throughout the several figures. 

Figure 1 is a side elevation of my device 
as used in connection with an X-ray table. 

Figure 2 is a substantially central longi 
tudinal section through the casing and parts 
immediately associated therewith. 

Figure 3 is a section on the line 3-3 of Fig 
ure 1, looking in the direction indicated by 
the arrows. 
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ly in elevation and partly in section, showing 
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Figure 4 is a section on the line 4 4 of Fig 
ure 2, looking in the direction indicated by 
the arrows, and showing certain movable 
parts occupying positions different from those 
occupied by the same parts in Figure 3. 

Figure 5 is a section similar to a portion 
of Figure 2, but upon a somewhat larger scale. 

Figure 6 is a fragmentary side view, part 
various parts associated with the casing for 
facilitating the handling thereof. 

Figure 7 is a fragmentary section showing 
a portion of the gearing used for raising and 
lowering the casing with its contents. 
The casing as a whole is indicated by the 

reference letter 8. A copper cylinder 9, a 
lead cylinder 10 and a steel cylinder 11 are 
nested together concentrically, the lead cyl inder being fitted snugly into the copper cyl 
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inder and the steel cylinder being fitted into 
the lead cylinder, so that the three metallic 
cylinders are practically merged into a single 
cylinder composed of three thicknesses of 
metal. The composite cylinder thus formed 
carries a pair of annular rails 12, 13. Adja 
cent these are a pair of steel straps 14, 15, used 
as hereinafter described. 

1,874,673 
Located at the ends of the composite cyl 

inder are end caps 16 and 17, each of substan 
tially hemispherical form. These end caps 
are provided with linings 19 and 20, made of 
lead and each having a substantially hemi 
spherical form, thus fitting neatly into the 
end cap and being practically a part thereof. 
The end caps together with their linings are 
provided with air holes 21 and 22, and with 
raised beads 23 of annular form encircling 
these holes. A pair of filter members 24, made 
of gauze, felt, cloth or the like, are fitted upon 
the annular beads 23 and held in position 
thereupon by caps 25, these caps being pro 
vided with inlet holes 26, and held in posi 
tion by screws 27 or equivalent fastenings. 

Extending radially into the casing 8 are a 
pair of insulating members 28 and 29, each 
made of micanite or other suitable insulating 
material and carrying a packing 30. The 
insulating members 28 and 29 extend through 
collars 31; these collars each being provided 
with a flange 32 and held in position by bolts 
33, which extend through this flange and 
through the wall of the casing. The insulat 
ing members 28 and 29 are adjustable in the 
sense that they may each be moved in the di 
rection of their length, or in other words 
moved radially inward and outward relative 
ly to the casing. The insulating members 28 
and 29, when thus adjusted, are held firmly 
in position by clamping screws 34 extending 
through the walls of the collar 31. Located 
within the tubular members 28 and 29 are a pair of supporting rings 35 and 36, exactly 
alike. These rings support insulating con 
ductors 37 and 38, which extend lengthwise 
through the tubular insulating members 28 
and 29. Engaging these rings 35 and 36 are 
tube packings 38 and 39, made of soft rubber 
and each having a form which may be under 
stood more particularly by reference to Fig 
ure 5. 
An air pipe 40 is connected with the casing 

8 by aid of a collar 41, secured in position 
by means of bolts'41". The air pipe 40 is 
connected with an air pump, not shown, but 
indicated by the legend “To Pump,' appear 
ing in Figure 1. When the air pump is in op 
eration it continuously draws the air out of 
the casing, and the air constantly enters the 
casing through the holes 26 and through the 
filter member 24. Thus the air is effectively 
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filtered as it passes into the casing, so that . 
there is a constant circulation of air through the casing. The purpose of this arrangement 
is threefold: first, to remove the air heated up 
by the X-ray tube and thus to maintain a rela 
tively low temperature in the X-ray tube and 
parts contiguous thereto; second, to remove 
the air as it becomes ionized by action of the 
X-rays an is thus rendered more or less con 
ductive; and third, to Ext the X-ray tube from contaminating t 
phere. 

e Surrounding atmos 
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The casing is provided with a large open 
ing 43 and a smaller opening 44, these open 
ings serving as doorways and being disposed 
diametrically opposite each other, as may be 
understood from Figure 4. - 

Located adjacent the opening 43 is a door 
45, mounted upon hinges 46 as indicated in 
Figures 3 and 4, and provided internally 
with a lining 45° of lead and with a facing 
47 of felt. The door 45 carries lugs 48. 
Two clasps 49 are journaled upon the casing, 
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and are each adapted to engage a pair of 
the lugs 48 in order to hold the door closed, 
as indicated in Figure 4. Each clasp 49 is 
provided with a handle 50, whereby it is 
operated. Connected with the door 45 are a 
pair of chains 51, which are also connected 
with the casing. These chains limit the 
travel of the door as the same is swung Open, 
as may be understood from Figure 3. 
Mounted rigidly upon the casing, and dis 
posed adjacent the opening 44, is a support 
ing ring 53 carrying a small eye piece 54, 
this eye piece having the form of a disk and 
being made of glass or other transparent 
material. The eye piece carries a pair of 
crossed wires, used as hereinafter described. 
A small door 56, having the form of a disk, 

is mounted upon the supporting ring 53 by 
means of a hinge 57. The door 56 may be 
opened and closed by hand. When closed it 
is held by a latch 58, as indicated in Figure 
4. The door is shown in Figure 6 as swung 
downwardly, or open. With the door in this 
position the operator can look through the 
eye piece 54 into the casing. 
Mounted upon the lower portion of the 

casing, and extending downwardly there 
from, is a supporting ring 59, held in posi 
tion by screws 60. The casing is provided 
with an opening 61 which is in registry with 
the opening through the Supporting ring 59. 
Another supporting ring 62 encircles the sup 
porting ring 59, and is secured thereupon by 
bolts (33. A compression cone appears at 64 
and is secured to the supporting ring 62 by 
screws 65. A number of filter plates are 
shown at 66, 67 and 68, and are held in po 
sition by the supporting ring 62 and by the 
compression cone 64. 

Each strap 14. and 15 is secured at one of 
its ends by a fastening 69, at its opposite 
end is provided with an outwardly extending 
flange portion 70. This portion is connected 
with a turnbuckle 71, secured to a bolt 72, 
and used for tightening the strap. The an 
nular rails 12. 13 rest upon and are guided 
by rollers 73. There are four of these rollers, 
and they are jouinaled upon four lugs 74 
which are integral with, and extend upward 
ly from, a supporting ring 75. The support 
ing ring 75 is disposed horizontally, and is 
provided with an annular portion 76, extend 
ing downwardly. This annular portion is 
provided with flanges 77 integral with it and 
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extending downwardly from its lower edge. 
Guide pins 78 are carried by these flanges, 
and extend radially outward therefrom, as 
may be understood from Figure 2. 
A carriage frame appears at 79, and is 

provided with a large opening 79a of circular 
form, through which extends the annular 
portion 76 of the supporting ring 75. 
Journaled upon the carriage frame 79 are 

supporting rollers 80, which rest upon a pair 75 of rails 81, extending horizontally and dis 
posed parallel with each other. Journaled 
upon the carriage 79 are guide rollers 82, 
which engage the outer surface of the por 
tion 76 of the supporting ring, as may be 
understood more particularly from Figure 6. 
The roilers 82 are in this instance three in 
number and are arranged in the same plane, 

80 

which is horizontal. Journaled upon the car 
riage 79 are three supporting rollers 83, 
which engage the under side of the support 
ing rings 75, as may be understood from Fig 
taire 1. 
The carriage 79 is provided with four lugs 

84 extending downwardly from it, as indicat 
edin Figure 4. A plurality of pins 88 project 
outwardly from the lugs 84 and are surround 
ed by loose collars or rollers 87. Longitu 
dinal movement of the rollers 87 relative to the pins 88, is prevented by the head of the 
pin and the lugs 84. 
The carriage 79 is provided with a clamp 

ing screw 89, extending through a lug 86, 
as may be understood from Figure 2. 
The operator by turning the screw 89 can 

lock the supporting ring 5 rigidly in posi 
tion relatively to the carriage frame 79. By 
loosening the screw 89 he leaves the Sup 
porting ring 75 loose relatively to the car 
riage frame so that the supporting ring and 
parts carried by it may be turned relatively 
to the carriage frame. Thus the operator, 
by adjusting the Supporting ring 75 relative 
ly to the carriage frame, can turn the casing 
8 as a whole relatively to various other parts. 
The carriage 79 and all parts carried there 

by, including the casing 8, may as a unit be 
moved back and forth along the rails 81. 
Thus the operator can to all intents and pur 
poses shift the position of the casing rela 
tively to the length of the rails 81. 
With the carriage thus brought into posi 

tion and for the time being locked against 
further movement, the operator can turn the 
casing 8 upon its longitudinal axis, and lock 
it into the position which it is thus turned. 
For this purpose the operator first actuates 
the turn buckles 70, thereby loosening the 
straps 14 and 15. This done he turns the 
casing by hand, either in a clockwise direc 
tion or a counter-clockwise direction accord 
ing to Figures 3 and 4, and again actuates 
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the turn buckles so as to tighten the straps 
14 and 15. The movements just described 
are quite easily effected, even though the 20 
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X-ray tube. - 
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casing 8 may be quite heavy. This is because 
the entire weight of the casing and its con 
tents rests upon the roller 73. . . . 
The casing carries a graduated strip 13", 

and a pointer 13° is mounted upon the strap 
15. These two parts together constitute a 
scale for registering the position of the cas 
ing relatively to the strap 15, or in other 
words enables the operator to read off the 
extent to which the casing is turned from a 
predetermined normal position. Therefore 
the operator can so adjust the casing as to 
bring the doorways 43 and 44, as well as the 
compression cone 64, into different positions. 
He can also turn the casing into suitable po 
sition to promote the accessibility of the elec 
trical connections used for energizing the 
The cross, beams 85 are mounted rigidly 

upon a pair of tubular telescopic members 90 
and 91, which extend vertically into two 
larger telescopic members 92 and 93 and are 
fitted into bushings 94 and 95 carried there 
by, as may be understood from Figure 7. 
The tubular telescopic member 91 is at its 
lower end provided with a nut 96 of annu 
lar form, which is secured rigidly to the tele 
scopic member and thus movable bodily 
therewith. Extending through this nut and 
into the tubular member 91 is a screw 97, 
provided with a portion 98 having a reduced 
diameter and serving as a shaft. The parts 
just mentioned are journaled in a bearing 
99. The shaft 98 carries a bevel gear 100, . 
which meshes with another bevel gear 101. 
The bevel gear 103 meshes with a bevel gear 
104, the latter having the same relation to 
a screw 108 that the bevel gear 100 has to the 
screw 97. The screws 97 and 108 are turned 
in opposite directions, as may be understood 
from Figure 7. The tubular member 92 is 
supported by a bearing 105, and connected 
with this bearing is a pedestal 106. The tu 
bular member 92 carries a similar pedes 
tal 107. The shaft 102 carries a sprocket wheel 10 
whereby it is turned, as may be understood 
from Figure 7. A gear casing 110 is mount 
ed rigidly upon the bearing 99, and projects 
upwardly therefrom. Extending into the 
gear casing 110 and journaled thereto is a 
shaft 111, carrying a crank arm 112. The 
shaft 111 also carries a sprocket wheel. En 
gaging this sprocket wheel is a sprocket chain 
114, which also engages the sprocket wheel 
109, carried by the shaft 102. 
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112 by hand, causes the various gear mem 
bers controllable thereby to turn the two 
screws 97 and 108 in opposite directions as 
above described, thus causing the tubular 
members 90 and 91, controllable practically 
as a unit, to be raised or lowered. By this 
means the carriage and all parts supported 
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thereby, and including the casing 8, are raised 
and lowered as the operator may desire. 
The telescopic members 92 and 93 are sup 

ported upon two slides 115 and 116, as shown 
in Figures 1 and 6 respectively, these slides 
being mounted upon and supported by a pair 
of rails 117 and 118. Each slide 115 and 116 
carries rollers 119 which engage the top edge 
of the rails supporting the slide, and also 
carries guide pins 120 which engage the bot 
tom edge of the rail. 
The rails 117 and 118 are mounted upon 

a table 121. This table is provided with a 
couch. 122 and a head rest 123, so that a pa 
tient may recline upon the couch, with E. 
head upon the head rest. By means of an 
adjusting device 124, the head rest may be 
adjusted in the manner well known in this 
art. . . . 
The table is connected with the ground at 

125, and as the table and practically all parts 
of the framework are made of metal, the 
X-ray tube is in metallic communication 
with the earth at 125. 
As may be readily understood from the 

foregoing description the X-ray shield con 
sists entirely of metal which is built up in 
layers and so arranged as to provide ade 
quate protection as against the X-rays to op 
eratives and bystanders. The X-ray shield 
has sufficient mechanical strength for all prac 
tical purposes, and provision is made for the 
rapid cooling of the X-ray tube. 
Since the table upon which the patient rests 

is grounded, so that the X-ray shield is 
grounded through the same earth connection, 
there is no danger of either the patient or any 
other person receiving a shock because of 
coming into contact with the X-ray shield. 
Moreover, the grounding of the X-ray shield 
has a singular effect in connection with the 
exhaust EE in that it enables the 
vitiated and heated air within the X-ray 
shield to be easily removed and carried out 
side. This result is not accomplished if the X-ray shield is left ungrounded. 
Just why the grounding of the X-ray 

shield enabled the vitiated and heated air 
to be readily removed in a matter not easily 
explained. However, the fact here noted is 
borne out in practice. 

Because of the form of the metallic shield 
above described it follows that with the tube 
enclosed in the shield and in action, the va 
rious electrical and magnetic surfaces are so 
distributed as to be uniform relatively to dif 

The operator, by rotating the crank arm ferent portions of the X-ray tube. The re sult is that extrinsic fields, either electrical or 
magnetic, are unable to produce uneven fields 
of stress such as usually tend to break or puncture an X-ray tube. 

Since the current impulses used for ener 
fing the tubes are conducted into the shield 
y means of the tubular insulators above de 

Scribed, these insulators, because of their 
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1,874,672 
form and arrangement, have a tendency to 
prevent uneven stresses around the X-ray 
tube. 

It will be noted that the X-ray shield can 
be so used as to expose a patient, resting upon 
the table, to the action of X-rays reaching 
the patient from many different directions. 
It will also be noted that various parts of 
the patient may be conveniently subjected to 
the action of the X-rays without the necessity 
of placing the patient in any uncomfortable position. 
The construction and arrangement of the 

X-ray shield and the tubular insulators used 
therewith are such as to decrease to a mini 
mum the danger of electrical breakdowns, 
the formation of oscillations, and the diver 
sion of currents transmitted to the X-ray 
tube. 
The operator, by moving the slides 115 and 

116 relatively to the rails 117 and 118, can 
move the casing 8 and the carriage support 
ing the same into various positions relatively 
to the length of the X-ray table. 
I do not limit myself to the particular 

construction described and illustrated, as va 
riations may be made therein without depart 
ing from my invention, the scope of which 
is commensurate with my claims. 

Having thus described my invention, what 
I claim as new and desire to secure by Letters 
Patent is as follows: - 

1. The combination of an X-ray shield 
having a general cylindrical form and built 
up of a plurality of different metals, said 
X-ray shield having its ends rounded to pre 
vent the formation of uneven electrical 
stresses within it, and an X-ray tube located 
within said X-ray shield and having its ends 
extending approximately to the center of 
curvature of the rounded ends of said X-ray 
shield. 

2. In an X-ray screen the combination of 
a plurality of substantially cylindrical mem 
bers made of different metals nested concen 
trically to form a composite cylindrical mem 
ber, a pair of substantially hemispherical 
end caps made of metal for closing the ends 
of the composite cylindrical member thus 
formed, and means for supporting an X-ray 
tube within said cylindrical member, in 
spaced relation to said end caps. 

3. The combination of a supporting mem 
ber, a plurality of rollers mounted upon 
said supporting member, annular rails rest 
ing upon said rollers and movable relatively 
to said supporting member, an X-ray shield 
of substantially cylindrical form extending 
through said annular rails and Supported 
thereby upon said rollers, an X-ray tube 
mounted within said X-ray shield, and means 
for conducting high tension currents to said 
X-ray tube. 

4. In a device the combination of an X 
ray shield of substantially cylindrical form, 
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annular rails encircling said X-ray shield, 
Supporting roller's engaging said annular rails 
and thus supporting said X-ray shield to per 
mit said X-ray shield to be turned upon its 
general longitudinal axis, mechanism adapt 
ed to be connected with said X-ray shield 
and controllable by the operator for lock 
ing said X-ray shield in different positions 
into which it may thus be turned, and an X 
ray tube mounted centrally within said X-ray 
shield. - - w 

5. A device comprising an X-ray shield 
of substantially cylindrical form, rails of 
substantially annular form carried by said 
X-ray shield and encircling the same, Sup 
porting rollers engaging said annular rails 
and supporting the weight of said annular 
rails and said X-ray shield, to allow said X 
ray shield to be turned into different posi 
tions, straps encircling said X-ray shield 
and connected with a fixture, and means con 
trollable at the will of the operator for loos 
ening and tightening said straps. 

6. A device comprising an X-ray shield 
having the form of a substantially cylindri 
cal casing, an X-ray tube mounted within 
said casing lengthwise in the general direc 
tion of the axis thereof, a supporting ring 
located below said X-ray shield and support 
ing the weight thereof, rollers engaging said 
supporting ring and thus supporting the 
weight of said casing, mechanism adapted 
to be connected with said supporting ring 
for locking the same in different positions 
into which said supporting ring may be 
turned. 

7. In an X-ray device, a tubular container, 
an X-ray tube extending axially within said 
container, and a carrier in which said con 
tainer is mounted to turn about the axis of 
the container and of the tube, said carrier 
being adjustable in a direction transverse to 
said axis. 

8. In X-ray apparatus, an X-ray tube, an 
envelope substantially surrounding said 
tube, the body of said envelope consisting 
substantially of two cylinders of conducting 
material whose longitudinal axes are sub 
stantially parallel with the longitudinal axis 
of the X-ray tube, said cylinders being tele 
scoped one within the other, the space be 
tween said cylinders being filled with ma 
terial opaque to X-rays. 

9. In X-ray apparatus, an X-ray tube, an 
envelope substantially surrounding said 
tube, the body of said envelope consisting 
substantially of two cylinders telescoped one 
Within the other, the space between said cyl 
inders being filled with material opaque to 
X-rays, and hemispherical ends for closing 
the ends of said cylinders. 

Signed at Long Island City, in the county 
of Queens and State of New York, this 27th 
day of April, 1923. 

REIN HOLD. H. WAPPLER. 
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